Introduction
The function of sleep is a mystery that has long fascinated biologists and is still the matter of intense debate [1] . One of the most prominent features of sleep in mammals is the occurrence of the slow (<1 Hz) sleep oscillation that dominates slow-wave sleep (SWS; Box 1). This oscillation is extremely similar in different species [2] [3] [4] [5] [6] [7] [8] [9] [10] [11] [12] , suggesting that it might have well-defined, conserved roles. Fairly recently, behavioural experiments have indicated that SWS might be related to memory consolidation [11] [12] [13] [14] [15] [16] [17] and the basis of such consolidation might be the slow sleep oscillation itself [12, [14] [15] [16] [17] [18] . Here, we explore this issue from an electrophysiological and computational modelling perspective. Specifically, we reassess various electrophysiological measurements of the waking (or wake-like) state and compare them with those obtained for the 'up' state of the slow (<1 Hz) sleep oscillation in the specific brain structures involved in its generation. The extremely close similarity of both single-neuron and network dynamics during these different scenarios is compatible with the results of behavioural experiments indicating that during SWS selected epochs of prior experience are episodically replayed and consolidated.
The dynamics of single neurons during 'activated' states and slow-wave sleep We start by reviewing the essential cellular correlates of the 'activated' brain state, which corresponds to attentive wakefulness, and examine how they qualitatively compare with those of SWS. Brain activation is invariably associated with a so-called 'desynchronized' electroencephalogram (EEG), which consists of low-amplitude fluctuations at relatively high frequencies (>15 Hz) [5, 6] (Figure 1a ). This state is associated with tonic and irregular firing of cortical neurons [19] , the membrane potential of which has been shown in naturally waking animals to be persistently depolarized and to fluctuate around À60 mV [5, 6] (Figure 1a) .
During SWS, the overriding activity of the EEG is the so-called slow (<1 Hz) sleep rhythm or slow (<1 Hz) sleep oscillation [2, 3, 20] (Figure 1a ). This slow oscillation comprises rhythmically repeating, large-amplitude biphasic waves (i.e. slow waves) and is responsible for temporally 
Glossary
In vitro models of the slow oscillation: a slow oscillation can be reliably generated in isolated slices of the neocortex. This oscillation is an emergent property of networks of cortical neurons, with the 'up' state being generated by recurrent excitation that is balanced and regulated by inhibitory networks [24] . The 'down' state arises if these mechanisms fail but also seems to be shaped by activity-dependent (i.e. Ca 2+ , Na + and ATP-dependent) K + channels [24, 42] . A recovery from this active disfacilitation can eventually lead to a new 'up' state. In thalamic slices, individual TC and TRN neurons can generate a slow oscillation intrinsically, without the need for any network input. This occurs if leak K + currents are reduced below a certain threshold [43, 44] , a feat that can be easily achieved by tonically activating metabotropic glutamate receptors, as probably occurs in the whole brain. In both TC and TRN neurons, the 'up' and 'down' states are primarily generated by the 'switching' on and off, respectively, of the T-type Ca 2+ 'window' current (reviewed in Refs. [9, [43] [44] [45] [46] [47] ). Local field potentials (LFPs): recordings of extracellular electrical activity using low-impedance electrodes. They provide a signal similar to the EEG but sample more local populations (of the order of 1 mm) in the cortex. a rhythms: EEG oscillations at $10 Hz (range, 8-13 Hz) that primarily occur during relaxed wakefulness. In humans, they are most pronounced at occipital sites and most prominent when the eyes are closed. Sleep spindles: brief bursts (typically lasting 0.5-1.5 s) of rhythmic EEG activity at $7-14 Hz. Sleep spindles are characteristic of early sleep and commonly associated with individual slow-wave complexes (see above).
